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(64) Measuring Temperature 
Electrically While Welding Plastics 

(57) In the welding together of plastics 
pipes (10, 14),aband(16)of 
electrically conductive material Is 
located between the pipes at the joint 
and the latter Is surrounded by a coil 
(1 8). An alternating voltage Is applied 
across a tuned circuit Including the 
coil (18) and current Is Induced in the 
band (1 6) to heat the joint to the 



fusion temperature. The magnetic 
permeability of the band (1 6) alters 
and the effect on the tuned circuit 
results in changes fn the phase angle 
of the coil voltage relative to the 
applied voltage. Comparison of the 
phase angles gives an indication of the 
temperature of the band (16) and 
further comparison with a reference 
can produce a signal for controlling 
the applied voltage and thus the 
temperature of the band (16). 
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SPECIFICATION 

Sensing Temperature Variations In a Material 

This Invention relates to a method of and 
apparatus for sensing temperature variations in a 

5 material. The Invention Is particularly but not 
exclusively used In the joining of plastics pipes 
whilst Inductively heating the joint with a 
conductive/magnetic material located at the 
region to be heated. 
10 It is currently the practice In the welding 
together of plastics pipes to heat the joint parts 
separately and then fuse the parts together. 
Difficulties are however encountered in checking 
the correct location of the joint parts together. 
1 5 According to one aspect of the present 
invention there Is provided a method of sensing 
temperature variations in a material, said method 
comprising utilising means at a location remote 
from the material to both Induce an electric 
20 current in the material and sense changes in a 
parameter of the material which occur in 
accordance with the changes in temperature in 
the material, and processing said changes in the 
parameter so as to determine the temperature of 

25 the material. 

Preferably the inducing and sensing means to 
heat the material and comparing said changes In 
the parameter with a reference so as to produce a 
differential signal after comparison for controlling 

30 the current being Induced and thus the 
temperature of the material. 

Preferably also the changes In the parameter 
effect changes which can be sensed In voltage 
developed across the coil. Alternatively the 

35 changes In the parameter effect changes which 
can be sensed In the phase of voltage developed 
across the coil relative to the phase of Input 
voltage to the tuned circuit. 

The parameter in which the changes are sensed 

40 may be the magnetic permeability or resistivity of 
the material. 

According to another aspect of the present 
Invention there is provided apparatus for sensing 
temperature variations In a material, said 

45 apparatus comprising means at a location remote 
from the material arranged to both induce an 
electric current in the material and sense changes 
In a parameter of the material which occur in 
accordance with changes in temperature in the 

50 material, and means for processing said changes 
in the parameter so as to determine the 
temperature of the material. 

Preferably the sensing means comprises a coil in 
a tuned circuit, the quality factor and resonant 

55 frequency of which change in accordance with 
changes in the magnetic permeability and/or 
resistivity of the material. 

An embodiment of the present invention will 
now be described by way of example only with 

60 reference to the accompanying drawings In 
which: — 

Fig. 1 is a diagrammatic view of an 
arrangement for welding a pair of plastics pipes 
together, the control of which welding is effected 



GB 2 091 428 A 1 



65 by a method and apparatus according to the 
invention; 

Rg. 2 Is a circuit diagram of the apparatus for 
sensing temperature variations In a material used 
in the welding of Fig. 1 including a voltage phase 
70 comparison circuit; 

Fig. 3 shows a comparison circuit; 

Fig. 4 shows a modified comparison circuit; 
and 

Fig. 5 is a circuit diagram of a modified 
75 apparatus.' 

In various Industrial processes it Is desirable to 
sense the temperature of a material In a region 
where It is not possible to mount a temperature 
sensor with electrical connections connected 
80 thereto. For example, It may be desired to sense 
the temperature inside a sealed vessel to which 
access cannot be obtained with conventional 
sensors, or the temperature of an Internal, 
inductively heated component in a surrounding 
85 material where a conventional sensor with 

connecting wires would degrade the integrity of the 
joint or assembly. 

One particular example is the welding together 
of plastics pipes which may be butt welded or, as 
90 shown in Fig. 1 be connected by a spigot and 
socket arrangement. 

Referring to the drawings, a pipe 1 0 formed of 
a themioplastic material has a. socket portion 1 2 
arranged to receive an end portion of a further 
95 pipe 1 4 which Is to be welded into the socket 
portion 1 2 and which is also formed of a 
thermoplastic material. A band 1 6 of an 
electrically conductive material is located around 
the end of the pipe 1 4 between the latter and the 
1 00 spigot portion 1 2 of the pipe 1 0 and a coil for 
inducing an electric current in the band 1 6 as 
hereinafter described is located around the socket 
portion 1 2 co-axlally with the band 1 6. 
The coil 1 8 is located in parallel with a 
1 05 capacitor 20 in a tuned circuit, the latter being 
connected across a voltage generating apparatus 
22. The latter fs arranged to have a high output 
impedance by having an added output ballast 
Impedance 23. Then the circuit Is energised the 
1 1 0 coil 1 8 creates a magnetic field having an 

operating frequency in the range from 50 Hz to 
high radio frequencies, the choice of frequency 
being influenced by the power level required, the 
generator circuit adopted, and the various 
1 1 5 statutory legislations and regulations relating to 
radio frequency interference and equipment 
safety regulations. 

An induced current is therefore caused to flow 
in the band 1 6, the latter being of such material 
1 20 that the magnetic permeability thereof alters with 
variation In temperature within the temperature 
range to be measured. The band 1 6 is preferably a 
nickel steel alloy with a Curie point slightly higher 
than the temperature effusion of the plastics 
1 25 pipes. The change in permeability results In the 
magnetic coupling co-efficient, the magnitude of 
the circulating cun-ent and hence the power 
drawn from the inducing coil, and the self 
Inductance of the energising coil changing. These 
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changes result in changes in the quality factor and 
resonant frequency of the tuned circuit, with the 
quality factor 

WL 
Q=— 
R 

5 where R is the combined effective resistance of 
the coll winding and reflected load due to power 
dissipation in the band 1 6and L is the effective 
inductance when in operating position relative to 
the band 1 6. At resonance, the voltage across 

10 the coil is in quadrature with the voltage Vg 
developed by the generator 22, and changes in 
the quality factor and resonant frequency of the 
tuned circuit effect changes in phase angle of the 
coil voltage relative to the generator voltage. 

1 5 Changes in phase angle are pre-caiibrated 
against changes in temperature in the band 1 6, 
such that when the voltages Vg and V^^ are 
compared In a phase comparator circuit 24 there 
is an indication of the temperature of the band 1 6. 

20 An output from the circuit 24 can be compared 
with a reference in a comparative amplifier 26 to 
produce a signal for passing to an amplitude 
control input of the generator 22 and 
correspondingly controlling the induced current 

25 and the temperature of the band 1 6. It will be 
appreciated that In an application such as the 
welding together of two plastics pipes, the fusion 
temperature and the time during which heating 
takes place at the fusion temperature can be 

30 critical to production of an acceptable joint 
quality. The system has numerous advantages 
over the current welding practice. 

This phase demodulation technique also allows 
the circuit to sense that the band 1 6 Is in position 

35 Snd of the correct material since absence of the 
band 1 6 will alter the resonant frequency and 
quality factor of the tuned circuit. 

The band 1 6 can be perforated, or several 
small bands inserted close together to give a 

40 labyrinth seal. The use of a material having a low 
Curie temperature and being non-conx)sive is 
obviously beneficial and there are a range of such 
alloy materials commerclalty available. As an 
alternative, the band may be formed of a plastics 

45 material loaded with a material giving electrically 
conductive and magnetic properties. Further the 
band may be an integral part of a pipe. 

In a modification as shown in Fig. 4 the change 
in permeability of the material results in a change 

50 in the voltage developed across the coil 1 8. The 
coil voltage V^.,^ can then be related to the 
generator voltage Vg in a divider circuit 28. 
Changes In voltage ratio are pre-calibrated 
against changes in temperature in the band 1 6 

55 such that, in operation, the changes give an 
indication of the temperature of the band 1 6. The 
output from the divider circuit 28 is compared 
with a reference in a comparative amplifier 30 
and a differential signal provided which can be 

60 passed to the amplitude control input of the 
generator 22 for control of the input voltage, the 



induced current, and therefore the heating of the 
band 1 6. 

In a further modification the coll 18 can be 
65 provided in series with capacitor 20 in a tuned 
circuit and driven by a voltage generator. 

In a modified apparatus shown in Fig. 5, the 
drive voltage Vg is generated by a system including 
a self oscillating power amplifier 32 controlled by 
70 a comparator feedbacic loop which includes a 
phase shifting circuit 34, and which senses 
amplitude and/or phase relationship ratios, and/or 
frequency of oscillation of Vg and Vc^. 

This configuration allows for a range of . 
75 induction coils for different wori( piece assemblies 
to be utilised with one generator without the need 
for the circuit operating frequency adjustment as 
the system is self tuning. 

The feedbacic signal to the phase shifting 
80 circuit can be direct from Vg as shown or from 
additional turns on the Inducing coil 1 8. 

The Invention can also be utilised to sense the 
temperature of a material whose resistivity varies 
with variation of temperature within the 
85 temperature range to be measured. Further, as an 
alternative to the voltage generator with the 
output ballast impedance, a constant 
current/constant power generator may be utilised 
in order to provide the high output impedance. 
90 The drive voltage can be square wave or sine 
wave, as the quality factor of the tuned circuit 
reduces the magnitude of the harmonics and any 
spurious high frequency components in the 
generator output. A degree of "self regulation" of 
95 the temperature of the band 1 6 is achieved since a 
reduction in coil voltage as the magnetic 
pemieablllty reduces also reduces the voltage 
induced In the band 1 6. 

Claims 

1 00 1 . A method of sensing temperature variations 
in a material, said method comprising utilising 
means at a location remote from the material to 
both induce an electric current in the material and 
sense changes in a parameter of the material which 

1 05 occur in accordance with the changes in 

temperature in the material, and processing said 
changes in the parameter so as to determine the 
temperature of the material. 

2. A method according to claim 1, comprising 
110 utilising the inducing and sensing means to heat 

the material, and comparing said changes in the 
parameter with a reference so as to produce a 
differential signal after comparison for controlling 
the current being Induced and thus the 
115 temperature of the material 

3. A method according to claim 1 or 2, 
comprising applying a generating voltage across a 
coll which Induces the electric cun^ent in the 
material, and comparing changes In phase angle 

1 20 of the coil voltage, resulting from changes in the 
parameter, with the generating voltage. 

4. A method according to claim 1 or 2, 
comprising applying a generating voltage across a 
coil which induces the electric current in the 

1 25 material, and comparing changes in the ratio of 
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the coil voltage to the generating voltage 
resulting from changes in the parameter. 

5. A method according to any of claims 1 to 4, 
comprising sensing changes In the magnetic 

5 permeability of the material. 

6. A method according to any of claims 1 to 4, 
comprising sensing changes in the resistivity of 
the material. 

7. A method of connecting plastic pipes 

1 0 together, comprising locating an end portion of a 
first pipe within an end portion of a second pipe 
and providing an annular part formed of a material 
having electrically conductive and magnetic 
properties, and sensing temperature variations In 

1 5 the material of the annular part in accordance 
with the method of any of the preceding claims. 

8. A method according to claim 7 when 
dependent on claim 3 or 4, wherein the coil is 
located around said end portion of said second 

20 pipe co-axiaily with the annular part. 

9. Apparatus for sensing temperature 
variations in a material, said apparatus comprising 
means at a location remote from the material 
arranged to both Induce an electric cun-ent in the 

25 material and sense changes in a parameter of the 
material which occur in accordance with changes 
in temperature in the material, and means for 
processing said changes In the parameter so as to 
determine the temperature of the material. ^ 

30 1 0. Apparatus according to claim 9, wherein the 
means for inducing the electric cun-ent and 
sensing changes in the parameter comprises a 
coil in a tuned circuit, the quality factor and 
resonant frequency of which change in 

35 accordance with changes in the magnetic 



permeability and/or resistivity of the material. 

1 1 . Apparatus according to daim 10, wherein 
the coil is arranged in parallel with a capacitor in 
the tuned circuit 

40 12. Apparatus acconding to claim 1 0, wherein 
the coll is arranged in series with a capacitor in 
the tuned circuit 

1 3. Apparatus according to any of claims 1 0 to 
12, comprising a voltage generator, means for 

45 applying the generated voltage across the coil, 
and means for comparing changes In phase angle 
of the coil voltage resulting from changes In the 
magnetic permeability an<Vor resistivity of the 
material relative to the generator voltage. 

50 1 4. Apparatus according to any of claims 1 0 to 
1 2, comprising a voltage generator, means for 
applying the generated voltage across the coil, 
and means for comparing changes in the ratio of 
the coil voltage to the generating voltage 

55 resulting from changes in the magnetic 
permeability and/or reslstWIty of the material, 

1 5. An arrangement for connecting plastics 
pipes together, said arrangement comprising 
apparatus for sensing temperature variations in 

60 the material according to any of claims 1 0 to 1 4, 
wherein the coll is adapted to locate co-axially 
around the intended joint between a pair of pipes. 

1 6. A method of sensing temperature 
variations In a material substantiaily as 

« 65 hereinbefore described with reference to the 
accompanying drawings. 

1 7. Apparatus for sensing temperature 
variations in a material substantially as 
hereinbefore described with reference to the 

70 accompanying drawings. 
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have NOT been designated: DE • 


.13-2-3 


Prufergebnisse 
Namen 


Griin? 

Anmelder 1: Telefonnr. nicht angegeben 




Prufergebnisse 
Namen 


Griin? 

Annie Ider l:Telefaxnr. nicht angegeben 


13r2-7. 


Prufergebnisse 
Inhalt 


Gelbl 

Die Vollmacht oder eine Kopie der 
allgemeinen Vollmacht mufi beigefugt 
werden, es sei dexin, alle Anmelder 
unterzeichnen den Antrag 




Prufergebnisse 
inhalt 


Grain? 

Prioritat 1: der Priori tatsbeleg ist 
nicht beigefugt (der Anmelder muS ihn 
beim Anmeldeamt oder beim Interna- 
tionalen Biiro vor Ablauf von 16 
Monaten ab dem (friihesteii) Priori- 


13-2-S 


Prufergebnisse 
Gebuhren 


Griin? 

Bitte bestatigen, daS das Gebiihrenver- 
zeichnis in der zur Zeit geltenden 
Fassung benutzt wurde 


.13-2-9 


Prufergebnisse 
Zahiung 


Griin? 

Bitte iiberpriifen Sie, dafi bei dem 
gewahlten Anmeldeamt ein giiltiges 
laufendes Konto au£ Ihren Ncunen 
besteht 



